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We review 43 patients (15 new, 28 literature) 
with the branchio-oculo-facial (BOF) syn­
drome, which has a distinctive phenotype 
ranging from mild to severe forms, consist­
ing of eye, ear, oral, and craniofacial anom­
alies. Virtually ubiquitous and possibly 
pathognomonic are the cervical/infra-auric- 
ular skin defects. Much less common are 
supra-auricular defects occurring as iso­
lated anomalies or w ith cervical defects. Re­
gardless of location, these lesions may have 
aplastic, “hemangiomatous,” or otherwise 
abnormal overlying skin, and draining sinus 
fìstulae. Renal malformations are frequent, 
but congenital heart and central nervous 
system defects are rare* Psychomotor per­
formance is usually normal, but develop­
ment delays, hypotonia, and visual, hearing, 
and speech problems are common. Autoso­
mal dominant inheritance seems likely. 
Overlap between the BOF and branchio-oto- 
renal syndromes has been observed, but elu­
cidation of its molecular basis is not yet 
available. This article also discusses 5 pa­
tients with atypical manifestations consid­
ered to be possibly affected or probably un­
affected, who are sufficiently unusual to be 
excluded from the final data analysis.
© 1995 Wiley-Liss, Inc.
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INTRODUCTION
Of the numerous craniofacial malformation syn­
dromes attributed to maldevelopment of the branchial 
arches, the branchio-oculo-facial (BOF) syndrome is 
typified, literally, by branchial sinus defects with 
abnormal overlying skin, as well as distinctive cranio­
facial, auricular, ophthalmologic, and oral anomalies. 
Here we review 43 patients, describing in detail 15 new 
patients with the BOF syndrome, 6 of whom had been 
described briefly in abstracts [Muller and Kobelt, 1991; 
Eosenbaum et al., 1991]. We also review 28 reported 
patients [Harrison, 1957; Farmer and Maxmen, 1960; 
Schweckendieck et al, 1977; Lee et al., 1982; Hall et aL, 
1983; Torn et al, 1985; Fujimoto et al, 1987; Barr et al., 
1989; Civi et al., 1989; Dado and Gonzalez-Crussi, 
1989; Lin et al., 1991, 1992; Mazzone et al., 1992; 
Schmerler et al., 1992; Baie and Sotelo-Avila, 1993; 
McCool and Weaver, 1994] (Table I). Several new man­
ifestations are described. Finally, we also discuss
5 patients with atypical [Legius et al., 1990; Fielding 
and Fryer, 1992] or severe [Hing et al., 19921 anomalies 
who possibly do not represent the BOF syndrome, but 
may be phenocopies, or separate disorders.
CLINICAL REPORTS
Patient 1
This white boy was the only child of a healthy 
37-year-old woman and nonconsanguineous 41-year- 
old man whose family history was unremarkable. 
There was poor fetal growth in the third trimester, but 
serial prenatal ultrasound examinations were normal. 
The patient was born at full-term gestation by sponta­
neous vaginal vertex delivery.
The birth weight was 2.3 kg (slightly less than 5th 
centile), and the length was 50.5 cm (50th centile). The 
infant had bilateral cleft lip, upper lip pits, cleft palate, 
cervical sinus defects, failure to gain weight, recurrent 
otitis media, and nasolacrimal duct stenosis. Surgery 
included lip adhesion procedure and resection of the
cervical sinuses at age 2]A  months (Fig. la,b). A thymic 
remnant was detected at the distal end of the resected 
sinus tract (Fig. lc). At age 5 months, the patient had 
reconstruction of the cleft lip and resection of a dermoid 
from the right medial eyebrow. At age 14 and 24 
months, the cleft palate was closed, with subsequent 
myringotomy, strabismus correction, and insertion of 
lacrimal duct tubes. At 3 years 1 month, a branchial 
cyst was removed from the upper anterior chest wall, 
followed by velo-pharyngeal flap, and upper lip recon-
struction at 5/a years. Renal ultrasound was normal. 
Chromosome analysis was not done.
Physical examination at 6/* years showed weight 
18.5 kg and height 105 cm (both 10th centile), and oc­
cipitofrontal circumference (OFC) 50 cm (50th centile). 
The boy had dolichocephaly; a full head of thin hair 
with frontal upsweep and posterior cowlicks; long, hy­
potonic, narrow face, apparently low-set, posteriorly ro-
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TABLE I. Clinical Manifestations in 46 Patients With Branchio-Oculo-Facial Syndrome*
Age
Growth
5-18 8/42 
(19)
> 18 10/42 
(24)
Skin defects
Literature No. pts. Gender (yr) Karyotype PreGr PosfcGR CJPostA
28
Harrison, 1957 1 M 9 NS NS NS♦
Farmer and Maxmen, 1960 1 F “child” NS NS NS +
Schweckendieck et al., 1977 1 F .7 N NS NS +
Lee et al., 1982 2
1 M 8.5 N + + ■h
2 F 38 N n |-< + -h
Hall et al., 1983 2
1 M 2.5 N —
i
2 F 5 ND ---
Tom et al., 1985 1 F 30 NS NS NS -i-
Fujimoto et al., 1987 6
1 M 4 N
— -I-
2 M 29 NS —
imih
3 F 3 NS —
I.IH
4 M 32 NS —
— +
5 M 8 NS -b —
—
6 F 25 NS + —
Barr et al., 1989 3
1 F 5 NS NS NS -i-
2 M 29 NS NS NS
3 F 2 NS NS NS -i-
Civi et al., 1989 1 F 1 NS -i- — +
Dado and Gonzalez-Crussi, 1989 1 F 1 NS —
— «»|<»
Lin et al., 1991 2
1 F 5 N +
2 F 12 N — +
Mazzone et al., 1992 1 M 2 N + + +
Lin et al., 1992 1 F 3 N _
— 4*
Schmerler et al., 1992 1 M 12 N + + +
Bale and Sotelo-Avila, 1993; Bale, 1994 1 M 2 NS NS NS
McCool and Weaver, 1994 3
1 M .3 N — — . H-
2 p 19.1 N — — —
3 M 1.6 N —
New 15
1 M 6 ND +
2 M 9 ND NS M u|m
3 M 35 ND +
4 M 1.3 N + + 4-
5 M 3.0 ND •f
6 F 4.5 N
7 F 2.4 N 1-
8 F .5 ND + 1-
9 M 1.0 N '1
10 F 54 ND PiO<l
11 M 26 N m **■ i
12 F 15 N wMI 1
13 F 4 N JM*-* 1
14 M 3 N 1
15 M .3 N KÜ « .
Total 43
F 21/43 <1 7/42 N 22/22 16/34 13/34 40/43
(49) (17) (100) (47) (38) (93)
M 22/43 1-5 17/42
(51) (40)
SupraA
+
+
4-
I
6/43
(14)
Atypical, excluded 
Legius et al., 1990
Fielding and Fryer, 1992
H inget al., 1992
5
2
2
\
1
2
M
M
M
F
F
NS
NS
5
2
1
NS
N
N
NS
N
NS
NS
NS
I«
Fiölultto only 
NS Fistulao only
NS
M
NA
I
Fistulac only 
»
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An/microphthalmia 
or short PF NLDS/A
Ocular features
Coloboma Cataract Myopia Strabismus Ptosis
tkért - -  ^■ ■ ■ I n —J- »T---I «•
L microph 
B anoph 
R microph
+
NS
prob -I- 
-I”
+
NS
NA
NS
NS
NA
NS
+
NA
NS
NA
L I ­
NA
l-
L microph 
B anoph
L microph
R microph
i* jm
NS
+
+
+I.R
NA
-i-I,R,ON 
■HR,ON
4- R
NA
■H
NA NA
L
NA
Small L PF 
NS
Small PF 
Small R PF
R microph 
B anopth
Small L PF 
Small B PF 
Small L PF
H"
+
NS
+
NS 
p |«% 
+ 
+ 
■f*
+R
4-R
NS
NS
-I'R
NA 
+ I,R
NS
NS
NS
NS
NA
NS
NS
NS
NS
NS
+
NA
NS
NS
NS
NA
+
NS
NS
R+
NA
L+
9
Small R PF 
Small R PF 
B microph 
B microph 
R microph 
B microph 
Small R PF
I-
■I“
-I-
-h
4-
NS 
+ 1 
■H,R
■hi
NS NS
NS
-,
NS
NS
NS
*•1 »
ji
I-
R microph 
B microph 
R microph 
R anoph, L microph
4-1
n,R 
I I,ft
4 l,R
i I,R»ON
A a/42
(7)
A,M 1/42 
(2)
M 13/42 
(31)
Small PF 9/42
(21) 
N 16/42 
(38)
29/39
(74)
16/35
(46)
8/33
(24)
9/32
(28)
11/36
(31)
10/36
(28)
R microph 
L anoph
B microph 
B microph 
B microph fistula
NA
I I
NA
B orbital cyHtn *** 
B orbital cyntH *** 
NA ‘
NA
NA
NA
NA NA
(v.ontimu'd on next page)
TABLE I. {continued)
Other Facial Features
Literature
Harrison, 1957 
Farmer and Maxmen, 1960 
Schweckendieck et al., 1977 
Lee et al., 1982
Hall et al., 1983
Tom et aL, 1985 
Fujimoto et al,, 1987
Barr et al., 1989
Givi et al., 1989
Dado and Gonzalez-Crussi, 1989 
Lin et a l, 1991
Mazzone et al., 1992
Lin et al., 1992
Schmerler et al., 1992
Baie and SoteloAvila, 1993; Baie, 1994
McCool and Weaver, 1994
New
Total
Atypical, excluded 
Legiua et a l, 1990
Fielding and Fryer, 1992
Hing et al., 1992
No. pts
28
1
1
1
2
1
6
1
1
1
1
3
15 
1
2
3
4'
5
6
7
8 
9
10
11
12
13
14
16 
43
5
2
2
1
2
t
1
2
Typical
facies
1
+
NS
H-
+
+
+
-h
-I-
-h
"I"
+
"I"
40/41
(98)
•I- possib ly  
-I- possib ly
Abnormal
ears
- I -
+
1 -1- +
2 + —
1 + +
2 4- 4-
NS 4-
1 + +
2 + +
3 +
4 ■H —
5 *1'
6 4- -J,
1 + -I-
2 -1- prob -1- prob
3 4- + prob
4-
4- poss NS
1 + 4-
2 4- +■
+ 4-
+ 4-
4- 4~
+ +
1 4- 4-
2 + 4-
3 4- 4-
+ -f-
•|i« +
M I** 
-t-
•h
+
*t*
H-
+
-h
38/42
(91)
*
-I-
4-
-I-
DeafnesB Pits
-I-
+
NS
+
'f*
NS
NS
+
NS
4-
+
+
NS
*1"
14/38
(37)
4-
+
NA
4- ear
-I- ear
H’ lip 
'1' lip 
4- ear 
-I“ ear, lobe
-I- lip
NS
4- ear
+ ear
+ lip
-I- ear
I- lobe
H- ear 
4- lobe
+ ear 
4- lobe 
I- ear, lobe
17/39
(44)
+ ear 
4- ear
CL, CP, 
PCL Oligodontia Dolicho
PCL NS +
B CL, CP NS NS
B CL, CP NS
PCL +
PCL — —
PCL
PCL + —
B C L H-
PCL 4-
PCL H-
PCL —
PCL —
PCL I M « « * * * * *
PCL
PCL NS —
PCL NS
L CL, CP NS *«■(
L CL NS -------------
L PCL NS NS
B CL, CP
B CL, CP — —
PCL — —
B CL, alv,
chin
— —
L CL NS
B CL, CP NS —
B C L NS —
PCL
PCL NA —
B CL, CP +
B CL, CP 
L CL, CP 
B CL, CP 
B CL, alv 
PCL
B PCL, CP 
PCL
L CL. CP 
PCL 
PCL 
PCL
NS
-1-
■ I -
B CL,CP 
BCL, CP
PCL 23/43
(54) 
PCL, CP 1/4«
(2 )
CL 4/43
(9)
CL, CP 13/43
(30)
CL, alv 1/43
(2)
CL, alv, 
chin 1/43
(2)
NA
11/30
(37)
CP
CP
PCL
PCL
PCL, CP,
alveolus
NS
NS
NA
NS
I
t// 
(23)
Fingers
Scalp
cysts Grey hair Sparse hair Clinodactyly Brachy
Renal 
abnormalities N
Development
DD/ Mod-sev 
mild MR MR Comments
NS
NS
NS
-I
4
4
NS
4
4/88
(ID
NS
NS
NS
m\r
•I-
*1'
"I
"h
NS
4
4
I-
Kf f  K
(24)
4
4
4
■h
4
4
4
4
NS
4
4
-I*
4
4
4
.16/42
(38)
NS
NS
NS
4
4
NS
NS
NS
4
8/38
(21)
NS
NS
NS
+
NS
NS
NS
4
( 11 )
NS
NS
L cystic
NS
NS
NS
NS
L absent
NS
NS
NS
NS
NS
NS
NS
ND
E cystic
LVUK
NS
NS
R absent 
L hydro 
ND
ND
R hydro 
NS*
R VUR
R cystic
ND
ND
ND
ND
ND
7/19
(37)
4
-I-
-I-
4  
"I- 
“■'! >«
'H
+
+
+
,}
4
4
2i m
(58)
NS
NS
-I
-I-
NS
NS
NS
4
NS
4
4
NS
O/O/i
(33)
+
3/36
( 8 )
3 relatives with clefts 
Mother with CL
FH branchial cysts 
Familial hypertrichosis 
2 affected sibs?
L pro poly
L pro thu mb
Hypo nails 
FÍI ear pits
Chin dimple 
Glaucoma 
Cousin with CL
Chin dimple 
Choanal atresia 
Partial absence 
cerebellar vermis 
Second set of cervical sinuses 
Sister-bifid uvula
Supernumerary nipples 
(patients 1 nncl 2)
Sternal notch dimple
R eyebrow dermoid 
Chest wall branchial sinus 
Deor’d distance umbilicus-penis
Microcephaly
Hypertrichosis
TBF, ASD, choanal atresia
Lower eyelid cyst
L hypo dyspl
NS
NS
NA
Mut cousin with unilat mieroph
SUA, CCA VO 
Clubfoot
Severe CNS mails 
Scalp cutis aplasia 
Vaginal skin tap 
Naso-ocular cle t
’'“alv; alvoolun; A, auricular; aim, abnormal; AMD, atrial »epLal defect; B, bilateral; brachy, hniebydnctyly; (!, cervical; (!TA VC, complete atrioventricular canal; CL, cicli, lip; climi, clinorincl.vly; 
C l1, clefl palate; 1)1), development delayed; dolicho, doliehocephaly; dynpl, dyuplnHlic; (emulo; FU, family hittlory; hydro, bydroiìupUroHÌH; taypo,hypopl»Klic; I , iritv, 1., lc(l; M, mule; mine, min - 
collanoou«; MR, mental reLardation; N, normal; NA, not applicable; ND, noLdonu; NLDH/A, nanolacrinml duct HtemiHiH/atrenia; NH, nolntaLed; ON, optic nerve; 1’F, palpebral ithmui'oh; PohIA. 
posterior miriculiir; Ponti ìR, postnatal growth rotardaLion; l r^o poly, prouxial polydactyly; I’reCJR, prenatul growth rotnnliiLion; It, rijilH; 1\HL, pneu<tadeft lip; K, retina; SUA, «in^lo umbilical 
a r Lory; Supra A, nupra-uuricular; TICF, Lraehoo-eHophaneal (ÌHttila; Vii li, vohìco-u reterai roll u x; yr, yon in; t , prcwent; , nbnenL. Figuri1 h in pareti LIiohoh indicato pemmtujjOH (r/M,
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telorism (inter-pupillary distance 5.5 cm, 90th centile); 
small upslanting palpebral fissures; mild micro­
gnathia; well-healed surgically repaired cleft lip and 
palate; elongated philtrum; small teeth, and linear su­
perior cervical sinus scars. He had normal external 
genitalia, j oint laxity, mild fifth finger clinodactyly, and 
brachydactyly. Although he had mild gross motor de­
velopment delays, his current cognitive performance 
was otherwise age-appropriate. He had a moderate con­
ductive hearing loss corrected with hearing aids, and 
moderate speech articulation problems.
Patient 2
This 9-year-old aboriginal Australian boy had bilat­
eral cervical sinus defects, bilateral cleft lip and cleft 
palate, small right palpebral fissure, bilateral naso­
lacrimal duct obstruction, low-set malformed posteri­
orly rotated pinnae, and midface hypoplasia. (Fig. 2a,b). 
The distance between the umbilicus and penis was ex­
tremely short, approximately 2 cm (Fig. 2c). The left 
testicle was in the inguinal canal. He had mild short 
stature which may have been constitutional, unrelated 
to the BOF syndrome. Family history, diagnostic evalu­
ations, and extended followup are not available.
Patient 3
This white Dutch man was the first of 2 children born 
to a healthy, nonconsanguineous 30-year-old mother 
and 39-year-old father. Pregnancy, labor, and vaginal 
delivery were unremarkable. Birth weight was 2.0 kg 
(less than 5th centile). Multiple craniofacial anomalies 
included bilateral microphthalmia, bilateral iris 
coloboma and cataracts, unilateral cleft lip and palate, 
apparently low-set cupped pinna, and bilateral supe­
rior cervical skin defects. Lens extirpation was per­
formed early in life, complicated by recurrent retinal 
detachment, and resulting in legal blindness by age 16 
years. Mild conductive hearing loss was recognized at 
age 3 years. Premature greying of his hair occurred at 
age 20 years. The patient had above average intelli­
gence and became a successful attorney.
On physical examination at age 35 years, weight was 
65.3 kg (30th centile), height 1.73 m (25th centile), and 
OFC 55 cm (50th centile). He had grey hair, flat face 
with bilateral microphthalmia, low-set cupped ears, 
small mouth, large chin, and bilateral linear scars be­
low the ears (Fig. 3a,b).
Patient 4
This white Dutch boy was the second child of a 
healthy, nonconsanguineous 26-year-old mother and 
30-year-oId father whose family histories were unre­
markable. Following a normal pregnancy and labor, he 
was delivered vaginally at 38 weeks gestation.
The birth weight was 2.2 kg (less than 5th centile), 
length 45 cm (less than 5th centile), and OFC 33.5 cm 
(10th centile). Multiple congenital anomalies noted at 
birth included bilateral iris and choroid coloboma, 
microphthalmia, bilateral cleft lip and palate, low-set 
and posteriorly angulated pinnae with thick and simple 
helices, and small right pre-auricular pit. There were 
bilateral infra-auricular skin defects (Fig. 4A,B). Meta-
Fig. 2. a,b: Patient 2 at age 9 years, c: Short distance from the um­
bilicus to penis.
phase chromosome analysis was normal (46,XY). Com­
puterized tomography of the brain was normal.
The patient had poor oromotor function, and re­
quired nasogastric tube feeding for the first 5 months. 
At age 8 months, the cleft lip was repaired. Pathologic 
examination of the healed cervical skin lesions showed 
only local chronic “psoriatiform,, dermatitis. At age 14 
months, audiographic examination showed normal
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B
Fig. 3. A,B: Patient 3 at age 35 years.
hearing in the left ear, and a sensorineural hearing loss 
in the right ear. Following the insertion of ventilation 
tubes, he appeared to have useful hearing, although 
formal follow-up testing had not been done. The patient 
had mild global development delays. General develop­
ment at age 16 months was graded at approximately 
the 10 month level by the Bayley Developmental Scale, 
but was not considered completely reliable because of a 
visual handicap. He walked at age 17 months and had 
very little speech at age 2 years, but other skills were 
close to age appropriate.
At age 24 months, weight was 12.0 kg (25th centile), 
height 82.0 cm (3rd centile), and OFC 49.0 cm (10th 
centile). Physical manifestations were similar to those 
described in the newborn period (Fig. 4C).
Patient 5
This white boy was the fifth pregnancy of a 40-year- 
old mother and 32-year-old father who had one prior 
miscarriage. Family history was unremarkable. Fol­
lowing a pregnancy complicated by maternal nephropa-
•A * V* 1 )'• 1
Fig, 4. A,B: Patient 4 at birth. C; age 24 months.
50 Lin et al.
ered vaginally at term, The birth weight was 1.8 kg 
(much less than the 5th centile), the length was 46 cm 
(5th centile), and the OFC was not available. Multiple 
craniofacial anomalies noted at birth included bilateral 
cleft lip and alveolar process, right microphthalmia, 
and “defective" cervical skin. At age 8 months, the pa­
tient had surgical correction of the cleft lip and alveolar 
process. Chromosome analysis was not done.
At 14 months, weight was 8.0 kg, height 67 cm, and 
OFC 43.5 cm (all much less than the 5th centile). The 
patient had microcephaly, hypertrichosis of the fore­
head, right microphthalmia with cataract, high and 
broad nasal bridge, malformed nose with flattened tip, 
and moderately hypoplastic alae. He had a high-arched 
palate, surgically corrected cleft lip and alveolar 
process, low-set posteriorly angulated protruding 
pinna with anteverted lobules, and bilateral hemangio- 
matous superior posterior cervical region (Fig» 5A,B)- 
There was brachydactyly and fifth finger clinodactyly. 
Renal ultrasound demonstrated right dilated calyco- 
pelvic system.
At follow-up at age 3 years, he had psychomotor men­
tal retardation, strabismus, bilateral nasolacrimal duct 
stenosis, normal hearing, and one absent incisor.
Patient 6
This 45/i2-year-old white girl was the first pregnancy 
of a nonconsanguineous 21-year-old mother (who had a 
healthy girl by a previous partner) and 29-year-old fa­
ther. Family history was remarkable for seizures in a 
maternal great uncle, and spasticity in the father's 
male first cousin. Pregnancy was remarkable for pre­
mature labor at 20 weeks gestation, necessitating a cer­
clage procedure. There was poor maternal weight gain, 
and decreased fetal activity. The patient was born at 36 
weeks gestation by vaginal vertex delivery.
The birth weight was 2.5 kg (40th centile), length 
was 49 cm (75th centile), and OFC was 30.5 cm (5th 
centile). Craniofacial malformations consisted of ptosis, 
bilateral microphthalmia, right-sided cataract and an­
terior chamber anomalies, left-sided microcornea, and 
iris coloboma, bilateral nasolacrimal duct stenosis, 
strabismus, malformed nose with wide nasal root, 
pseudocleft lip resembling a poorly healed scar, mal­
formed ears, and bilateral hemangiomatous cervical 
defects with fistula. There was hypertrichosis on the 
back. Chromosome analysis and CT scan of the brain 
were normal.
At age years, the weight was 17 kg (50th centile), 
height 110 cm (90th centile), head circumference 48 cm 
(10th centile). She had dolichocephaly, narrow fore­
head, low frontal and nuchal hairline with dense scalp 
hair and lashes, slight submandibular hypertrichosis, 
asymmetric palpebral fissures, microphthalmia, stra­
bismus, ptosis, hypertelorism, wide nasal bridge, thick 
nasal tip and base, small nares, short septum, low-set 
posteriorly rotated malformed ears, mild retrognathia, 
pseudocleft lip with broad philtrum and flat columns, 
small teeth and absent left lower incisor, and subauric- 
ular branchial defects. She also had a broad flat thorax, 
slight pectus carinatum, dorsal hypertrichosis, long fin­
gers, proximally implanted thumbs, left-sided fifth fin­
ger clinodactyly, partial syndactyly of toes 2 and 3, 
overlapping toes, and a cafe-au-lait spot on the right 
knee. Although she has delayed speech and motor 
development, she attends a normal school, receiving 
care for her serious visual handicap.
Patient 7
This white girl, the product of a 37 week gestation, 
was born to a 27-year-old primigravid woman and 28- 
year-old father, described briefly in an abstract [Rosen-
Fig, 5. A,B: Patient 5 at age 14 months.
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baum et al., 1991]. Family history was noncontributory. 
Pregnancy was complicated by class B insulin-depen­
dent diabetes mellitus.
The birth weight was 2.04 kg (less than 5th centile), 
and at 2 weeks the length was 47.8 cm, and OFC was 
31.5 cm (less than 5th centile). The patients had a high 
forehead, ptosis, small palpebral fissures, broad nasal 
bridge, bilateral upper lip pseudoclefts, triangular 
mouth, cleft palate, supra-auricular and cervical skin 
defects with denuded erythematous tissue (Fig. 6B), 
and low-set, posteriorly rotated, small dysplastic ears 
and earlobe pits.
Chromosome analysis and echocardiogram were nor­
mal. Renal ultrasound and isotope scan were normal, 
but voiding cysto-urethrogram showed right-sided 
grade II vesico-ureteral reflux. Chest MRI showed a 
normal mediastinal thymus. Biopsy of the cervical le­
sions demonstrated thymic tissue, and excision was 
performed at 13 months at the time of the cleft palate 
closure. Additional surgical procedures included ptosis 
and strabismus correction, and probing of nasolacrimal 
duct stenosis.
At 2 years 4 months, weight was 9.9 kg (less than 5th 
centile), length was 87 cm (35th centile), and OFC was 
48 cm (25th centile). Facial features were similar to 
what was observed in infancy with dolichocephaly; 
temporal hair was sparse, thickening more at age 3.5 
years (Fig. 6A). Cognitive skills were normal, although 
decreased tone, dysarthria, and poor visual-motor coor­
dination were present.
Patient 8
This white German girl was the only child of a 
healthy 28-year-old woman and nonconsanguineous 
27-year-old father whose family history was unremark­
able. There was poor fetal growth and hypertension in
the third trimester. The patient was born at 34 weeks 
gestation by cesarean section.
Birth weight was 1.4 kg (less than 5th centile), height 
was 42 cm (20th centile), and OFC was 28.5 cm (10th 
centile). The infant had sparse hair, mildly low-set 
squarish pinna with anteverted lobules, severe exter­
nal auditory canal stenosis, fiat nasal tip, incomplete or 
pseudocleft lip (Fig. 7), and bilateral non-patent cervi­
cal sinus defects with erythematous dysplastic overly­
ing skin. Ultrasonographic examination of the kidneys 
showed right cystic dysplasia with minimal excretory 
function. Examination of the eyes and heart were nor­
mal. Skull radiographs were normal
At follow-up examination at age 2 months, weight 
was 2.7 kg (less than 5th centile), length 47 cm (15th 
centile), and OFC 34 cm (50th centile). The cervical 
sinus defects had epithelialized and become smaller. 
Psychomotor development was delayed at 6 months. 
Chromosome analysis was refused by parents, Clini­
cally, hearing is normal and formal hearing testing is 
pending.
Patient 9
This white boy was the third pregnancy of a 33-year- 
old mother and nonconsanguineous 33-year-old father 
who had had 2 prior first trimester miscarriages. Fam­
ily history was non-contributory. Three prenatal ultra­
sound examinations were normal. The patient was 
born at 36 weeks gestation by cesarean section because 
of breech position.
The birth weight was 2.8 kg, length was 49.5 cm, and 
OFC was 35.5 cm (all 70th centile for 36 weeks). The in­
fant had small malformed posteriorly rotated ears, up- 
slanting palpebral fissures, apparent hypertelorism, 
left-sided cleft lip and palate, bilateral erythematous 
“denuded” cutis aplasia-like superior cervical defects 
without draining sinus tracts, small penis (length 2,3
Fig. 6. A: Patient 7 at ago 2.4 yoarti. B; Pro-opera Livu cloHc-up of Bupru-aurieular and cervical sinuHCH 
and anomalous pinnae.
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Fig. 7. Patient 8 as a newborn with close-up of pseudocleft of up^  
per lip and philtrum.
cm), descended testes, right choanal atresia/left 
choanal stenosis, absent brainstem evoked responses, 
H-type tracheo-esophageal atresia, and secundum-type 
atrial septal defect. The BOF syndrome and CHARGE
association were considered.
Chromosome analysis, cranial and renal ultrasound 
examinations, and CT and MRI scans from the new­
born period were normal. The endocrine evaluation was 
consistent with hypo gonadotropic hypogonadism be­
cause of decreased levels of luteinizing hormone (<1,0 
mIU/ml), follicle stimulating hormone (<1.0 mIU/ml), 
and testosterone (<16 ng/dl).
Bilateral inguinal herniae and cervical skin defects 
were resected at age 2 months. Thymic remnants were 
not detected in the cervical skin specimen. The cleft lip 
was repaired at 2 and 5 months, with cleft palate and 
membranous bony choanal atresia repair at 12 months. 
Seizures developed at 8 months, and resolved quickly 
with adrenocorticotrophic hormone and phenobarbital 
treatment. The MRI scan at that time showed ventric­
ular enlargement, with questionable thinning of the 
corpus callosum. Feedings were provided per gastros­
tomy tube since oral feeds were not tolerated. Cardiol­
ogy re-evaluation consisting of auscultation and elec­
trocardiogram at 14 months suggested that the atrial 
septal defect (or patent foramen ovale) was no longer 
present.
Physical examination at age 13 months showed 
weight 9.3 kg (15th centile), height 72 cm (5th centile), 
and OFC 46.5 cm (25th centile). The patient had mild 
plagiocephaly and flat left occiput; short neck without 
residual cervical skin defects; small, slightly rotated, 
cupped ears with overfolded helices; wide flat nasal 
bridge; short nose with slightly flattened left nares; 
round eyes with slightly smaller right palpebral fis­
sure; mild hypertelorism (inter-pupillary distance 5.2 
cm, 90th centile); repaired cleft palate; and normal 
teeth and chin (Fig. 8). The penis appeared small 
(stretched length 2.5 cm, <5th centile). Both testes 
were present. The limbs were normal. He had signifi­
cant truncal hypotonia, and mild global developmental 
delays, functioning at a 6-9 month level. At endocrine 
re-evaluation at age 19 months, the penis and testes
Fig, B, Putient 9 nt ill muulh*
were still small, but within the range of normal Fur­
ther laboratory testing is planned for the future.
Patients 10-14
This 3 generation German family wan mwi 
briefly in an abstract I Muller and Kobelt* KHV11. Tin 
15-year-old proposita (patient 12) was the* nh’hikI rhdt 
born to a 42-year-old man and nonccmsunguunnmM 'Alt 
year-old woman (patient 10) who had a right iri? 
coloboma, pits of the right auricular helix, hyperCre 
of the lateral philiral pillar«» (i.e., probable pmnidb 
cleft), premature greying at 18 years, normal mteih 
gence and growth (weight 74 kgt height 104 em. (>FC ‘ ft.fi 
cm, all 50th centile) (Fig. 9). This womans parent*», 
half-brother, and half-sinter were unaffected,
Although patient 10 had had a firstborn mm «patina 
11) with multiple craniofacial anomalies, hIh? and hn  
son were not diagnosed as having a genetic wyndmnu* 
until the birth of her second child (patient 12* and Mih 
sequent recognition of the BOF syndrome in her and 
both children.
Patient IQ’s son (patient 11) was the product uf an 
unremarkable 36 week pregnancy, labor* and delivery 
The birth weight wan 2.6 kg, the length wan i (\ cm, and 
the OFC was 33 cm (all 50th centile for till wt-ek*» lie 
had right-sided microphthalmia with inn and ebm 
oretinal coloboma; bilateral nasolacrimal duet niemmi 
with recurrent dacryocystitis; cataract; ntruUiHtmif» 
truly low-set, rotated» cupped pinnae; several deep pit 
on the posterior aspect of the uplifted ear lobe*; p^ eudne 
cleft; and bilateral cervical skin defects mdwrquently 
resected. Histologic examination of the cervical U m w  
is not available. Growth and pBydiomntor development 
were normal. He had premature greying nl 1 fi yeiir#
Patient lQ’s second child (patient 12) w«« the female
product of an uncomplicated 37 week pregnancy; labur,
and delivery. The birth weight was 2.5 kg and length
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Fig. 9. 
coloboma.
Patient 10 at 54 years with pseudocleft and right iris
was 45 cm (both 30th centile for 37 weeks gestation), 
OFC was 33 cm (50th centile). She had sparse hair; 
pseudocleft; malformed nose with flattened tip; right­
sided microphthalmia with iris and choroid coloboma; 
rudimentary left globe with severe anterior chamber 
dysgenesis (iris hypoplasia and lens aplasia); naso­
lacrimal duct stenosis; truly low-set, cupped, posteri­
orly rotated pinnae with uplifted lobules; and linear 
posterior auricular skin defects (Fig. 10a,b).
Physical examination of patient 12 at age 15 years 
showed weight 54 kg, OFC 54 cm (both 50th centile), 
and height 158 cm (30th centile). Craniofacial manifes­
tations were similar to what was described in the new­
born period with normal hair, normal psychomotor de­
velopment, functional blindness, and linear cervical 
aplastic skin defects (Fig. 10c). Chromosome analysis 
was normal.
Patient 11 had been informed of the autosomal dom­
inant inheritance of the BOF syndrome, and the recur­
rence risk of 50%. He had 2 children (patients 13 and 
14) affected with the BOF syndrome with a nonconsan- 
guineous wife who was 19 and 20-years-old, respec­
tively, at the time of their children’s birth. Patient l l ’s 
physical examination at age 26 years showed weight 88 
kg, length 185 cm, and OFC 57 cm (all 75th centile), 
and craniofacial findings described in the newborn 
period, as well as low-set cupped pinnae, hypertrichosis 
at the site of the left-sided cervical skin defect, cicatri-
synophrys, hairless philtrum with wide prominent 
philtral ridges compatible with a pseudocleft, oligo­
dontia, and normal intelligence (Fig. 11a,b). He has 
severely decreased vision in the right eye.
Patient l l ’s first child (patient 13) was the female 
product of an unremarkable 35 week pregnancy, labor, 
and delivery. Prenatal ultrasonographic examination 
was normal. The birth weight was 2.1 kg, the length 
was 44 cm, and the OFC was 32 cm (all 30th centile for 
35 weeks). She had pseudocleft; right-sided microph­
thalmia with iris and choroid coloboma; left-sided 
choroid coloboma; left lobule earpits; nasolacrimal duct 
stenosis; truly low-set, cupped, postei'iorly rotated pin­
nae with uplifted lobules; and small cervical erythema­
tous skin defects (Fig. 12a-c). An electroencephalo­
gram performed at 2 months because of apnea was 
normal. Physical examination at age 4 years showed 
weight 18 kg, height 106 cm (both 75th centile), and 
OFC 50 cm (50th centile); similar craniofacial features 
as noted in the newborn period; and normal growth and 
psychomotor development, Chromosome analysis was 
normal.
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Fig. 10. a,b: Patient 12 at 1 month, e: Ago 10 years.
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Pig. 11. a,b: Patient 11 at 26 years.
Patient l l ’s second child (patient 14) was the male 
product of an unremarkable full-term pregnancy, labor, 
and delivery. Prenatal ultrasonographic examination 
was normal. The birth weight was 2,4 kg (5th centile), 
the length was 45 cm (slightly less than 5th centile), 
and the OFC was 33 cm (25th centile). The patient had 
bilateral cleft lip and palate, right-sided anophthalmia 
with rudimentary globe, left-sided microphthalmia 
with iris, chorioretinal and optic nerve coloboma, naso­
lacrimal duct stenosis, cyst of the right lower eyelid, 
severely malformed pinnae with posterior lobule pits, 
and small posterior auricular aplastic skin defects (Fig. 
13a,b). The cleft lip and palate were surgically 
repaired. The child's psychomotor development at age
3 years is delayed and he is functionally blind. Chro­
mosome analysis was normal.
Patient 15
This white German boy was the second child of a 
healthy 24-year-old woman and nonconsanguineous 
27-year-old man whose family history was unremark­
able. The pregnancy was complicated by polyhydram­
nios. The patient was born at 37 weeks gestation by 
spontaneous vaginal vertex delivery The birth weight 
was 2.4 kg (20th centile), the length was 48 cm, and the 
OFC was 33 cm (both 50th centile). He had a high fore­
head; narrow, mildly upslanting palpebral fissures; 
malformed nose with broad bridge and flat tip; truly 
low-set, malformed posteriorly angulated pinnae with
r ear
pits; right-sided posterior ear pits; supra-auricular skin 
defects with wrinkled thin skin without sinus fistulae; 
and fifth finger clinodactyly.
Pig. 12. a,br Patient 13 as a newborn, ei Ago IB monthn.
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Pig, 13, a ,b i Patient 14 as a newborn,
Physical examination at 4 months showed weight 5.1 
kg (5th centile), length 51 cm (<5th centile), and OFC 
41 cm (30th centile). Craniofacial features were 
unchanged (Fig. 14a,b). Chromosome analysis, comput­
erized tomography of the head, and renal ultrasound 
were normal.
DISCUSSION
Forty-three (15 new, 28 literature) patients with the 
BOF syndrome are presented in Table I. Five patients 
were sufficiently unusual to be excluded from data tab­
ulation, but are listed in Table I for the sake of com­
pleteness. These include 3 patients previously reported 
as having the BOF syndrome, including 2 sibs with or­
bital cysts who we believe are possibly affected [Fielding
and Fryer, 1992], and a severely affected female new­
born who is probably not affected [Hing et al., 1992]. 
Although not described as having classic BOF syndrome 
by the authors, Legius et al. [1990] reported a father 
and son with features of both the BOF and branchio-oto- 
renal (BOR) syndrome who are possibly affected, but 
also omitted from data tabulation. In some instances, 
the clinical data reported in the text of the article were 
supplemented by our interpretation of published pho-
were
“not stated” or truly absent was judged by us in a purely 
subjective manner relying on the quality and compre­
hensiveness of the author’s overall observations.
The branchial sinus or supra-auricular defects with 
abnormal aplastic ovei'lying skin, with or without sinus
•¡ys-im-'r-'-Y:
a
Fig. 14. a,b: Patient 15 at 4 month« showing typical BOF Byndrome facia« and cloae-np of unusual 
Hiipra-auricular akin defect.
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fistidae, are possibly pathognomonic malformations for 
the BOF syndrome. Although these defects were pres­
ent in some form in most (42/45, 93%) of typically 
affected probands who had either a cervical or supra- 
auricular defect, they were absent in patient 5 of Fuji- 
moto et al. [1987], and the grandmother reported by 
Muller and Kobelt [1991], i.e., patient 10 in this report.
Various adjectives have been used to describe the 
unusual overlying thin skin: scarred [Harrison, 1957], 
absent [Farmer and Maxmen, 1960], hemangiomatous, 
hypoplastic, thin [Hall et al.,1983], verrucous [Ibm et 
al., 1985], unhealed, ulcerated, orange peel-like [Civi et 
al., 1989], eroded, scarred, wound-like, aplastic [Barr et 
al., 1989; Dado and Gonzalez-Crussi, 1989], wrinkled 
[Lin et al., 1991], and denuded [Schmerler et al., 1992], 
These defects are usually located along the superior 
head of the sternocleidomastoid muscle. Unlike the dis­
crete branchial sinuses or cysts of the BOR syndrome, 
the BOF syndrome branchial defects are usually linear 
superior cervical, sometimes described as posterior or 
infra-auricular. Initially considered “atypical” for the 
BOF syndrome, the supra-auricular defects, with or 
without draining sinuses, occurring with cervical skin 
defects or as isolated anomalies, are now viewed as part 
of the BOF spectrum [patients 7 and 15; Harrison, 
1957; patient 2 in Lin et al., 1991; patients 1 and 2 in 
McCool and Weaver, 1994]. Regardless of location, their 
severity ranges from spontaneously “healing” lesions, to 
draining sinuses with tracts, usually with abnormal 
overlying skin. Supplementing the published descrip­
tion of a patient with typical bilateral branchial sinus 
defects and abnormal overlying skin [Lin et al., 1992], 
we add that this patient had additional bilateral cervi­
cal sinus tracts without abnormal overlying skin 
resected at sites distal to the original sinuses. An addi­
tional branchial cyst was also resected from the ante­
rior chest wall of patient 1. Another child [patient 3 in 
McCool and Weaver, 1994] had a suprasternal notch 
dimple. It is not known whether these are distinct 
lesions, or remotely contiguous with the original cervi­
cal sinuses, although connections were not observed.
The pathologic findings of the excised branchial de­
fects are fascinating. Several cases have been associ­
ated with thymic remnants. Even more intriguing is 
the epithelium that lies between the overlying epider­
mis and the thymus, in some cases being fused with the 
overlying epidermis. Thymic tissue at the distal end of 
the excised branchial sinus tract has been observed [pa­
tients 1 and 7; Schweckendieck et al, 1977; Lin et al.,
1992]. Tom et al. [1985] reported that their patient had 
surgical excision of a branchial sinus at age 3 years, 
showing nonspecific chronic dermatitis without evi­
dence of a sinus tract or ciliated epithelium. Shave 
biopsy of “inflammatory linear verrucous epidermal 
nevi” at the same site at age 30 years showed respira- 
tory-like epithelium within congenital bilateral cervi­
cal plaques. The authors postulated that the plaques 
represented an unusual cutaneous “reaction” to the 
branchial cleft remnants and prior surgery. Civi et al. 
[1989] described a biopsy surface with squamous 
epithelium and central area of hyperkeratosis, with 
bilateral ectopic thymus in the reticular dermis which
was not excised. Dado and Gonzalez-Crussi [1989] 
described intradermal thymic tissue in the excised 
"neck wounds.” In addition to the proliferating squa­
mous epithelium, there were “several distinct cystic 
granulating structures lined by mucous producing 
glands.” Bale and Sotelo-Avila [1993] noted non-cili- 
ated mucous epithelium. Barr et al, [1989] reported in- 
tradermal thymus thought to represent the bulk of the 
patient's thymic tissue. The surface epithelium had 
stratified and pseudo stratified areas and the epithelial 
lining of cystic and duct-like structures varied from 
squamous to columnar mucous-secreting to transi­
tional cells, with some goblet and ciliated cells. The 
pathologic examination of another patient [Lin et al., 
1991] showed areas of cutis aplasia without 
appendages, small clusters of respiratory-type epithe­
lium at or near the epidermis, with a small lobulated 
well-formed intradermal thymus. In patient 4, the 
biopsy showed chronic “psoriatiform” dermatitis.
One explanation for this unusual surface epithelium 
is that the cervical sinus might represent the second 
pharyngeal arch externalizing and fusing caudally 
with the epicardial ridge. A more likely interpretation 
is that it represents the epithelium of the third pha­
ryngeal pouch, which is normally ciliated, Supra-auric­
ular sinuses [patients 7 and 15; Harrison, 1957; patient
2 in Lin et aL, 1991; patients 1 and 2 in McCool and 
Weaver, 1994] may represent persistence of the otic 
vesicle sinus [McCool and Weaver, 1994]. Pathologic 
description of the overlying skin has not been reported 
in any of those cases.
The craniofacial appearance usually consists of 
dolichocephaly, sparse hair, high forehead, malar 
hypoplasia, small chin, ocular asymmetry suggested in 
patients with unilateral microphthalmia or small 
palpebral fissure, upslanting palpebral fissures, hyper­
telorism, wide and high nasal bridge, malformed or 
prominent nose with flattened tip, and abnormal upper 
lip and philtrum. The typical BOF syndrome pinna is 
low-set, posteriorly rotated, and often cupped or pro­
truding with uplifted lobules, Pre-auricular pits 
[patients 4 and 15; Schweckendieck et al., 1.977; patient 
1,5,6 in Fujimoto et al, 1987; Legius et al,, 1990; Lin 
et al, 1992] and lobule pits [patients 11-14; patient 6 
in Fujimoto et al, 1987] have been noted.
The ophthalmologic anomalies in this series are sim­
ilar to those reported previously; coloboma (iris, chori­
oretinal, optic nerve) (46%), nasolacrimal duct steno­
sis/atresia with recurrent dacryocystitis (74%), 
microphthalmia, small palpebral fissure, or clinical 
anophthalmia (62%), The right eye was usually 
involved in cases of microphthalmia. Patients 6 and 12 
had severe anterior chamber anomalies. New findings 
were the eyebrow dermoid (patient 1) and lower lid cyst 
(patient 14), The orbital cysts noted by Fielding and 
Fryer [1992] might be pathologically related to these 
ocular anomalies supporting the notion that these sibs 
do indeed have the BOF syndrome,
All 43 patients had some type of cleft. Isolated cleft 
lip was noted in 9%, with cleft palate in 30%, and with 
cleft alveolus in 4% (one of whom also had cleft chin), 
Isolated cleft palate did not occur, In patients without a
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true cleft lip (56%), the upper lip was characterized as 
lymphangiomatous, protruding [Harrison, 1957; 
McCool and Weaver, 1994], having hypertrophied lat­
eral philtral ridges [patient 10], resembling a fused 
[Hall et al., 1983] or poorly repaired cleft lip [patient 8; 
Fujimoto et aL, 1987], or scar-like [Hing et al., 1992]. 
The term pseudocleft was used by many to describe this 
anomaly. In the family of patients 10-14, the presence 
of a pseudocleft in patients 10-13 and bilateral cleft lip 
and palate in patient 14 suggests that pseudocleft may 
have a causal relationship with clefting processes, pos­
sibly representing incomplete clefting. Uncommon oral 
anomalies include upper lip pits in 2 patients [patient 
1; Barr et al., 1989], chin dimple in 2 patients [Civi et 
al., 1989; Lin et al., 1991], and chin cleft in one patient 
[Lin et al., 1992]. Absent, small, or widespread teeth 
were noted in 37%. Additional ectodermal abnormali­
ties include sparse hair (38%), prematurely (less than 
30 years) grey hair (24%), and hypoplastic fingernails 
[patient 5 in Fujimoto et al., 1987], Some of these anom­
alies may be underestimated because of the young age 
of several patients.
Major skeletal defects have not occurred, although 
minor digital abnormalities such as fifth finger clin- 
odactyly (21%), brachydactyly (11%), and a single 
patient with pre-axial polydactyly [Fujimoto et al., 
1987] have been noted. As discussed previously [Lin 
et al., 1992], renal abnormalities (absence, cysts, 
hydronephrosis, reflux) are the most frequent (37%) 
non-craniofacial anomalies. A new feature is the short 
distance between the umbilicus and penis in patient 2, 
a finding of unclear significance, possibly representing 
low insertion of the umbilical cord. McCool and 
Weaver’s patients had supernumerary nipples [1994], 
Severe brain malformations (atypical holoprosen- 
cephaly, parietal meningo-encephalocele, and severe 
dysgenesis) were reported in one excluded patient 
[Hing et aL, 1992] who is mentioned for completeness 
sake. Another patient had “partial cerebellar agenesis” 
[Mazzone et al., 1992]. Patient 5 had microcephaly, but 
it is unknown whether this was a congenital malforma­
tion or the postnatal result of the intrauterine hypoxia. 
Patient 9 had a normal newborn MRI scan of the brain, 
with ventricular enlargement detected on the 10 month 
study when seizures occurred, suggesting possible post­
natal atrophy 
Aside from the complete common atrioventricular 
canal in an excluded case IIiing et ah, 1992], a small, 
spontaneously closing secundum type atrial septal 
defect (patient 9) was the only congenital cardiovascu­
lar malformation (CCVM). The father described by 
Legius et al, [1990] who had surgery for “dysphagia lu- 
sorium” may have had an aberrant subclavian artery, 
or dilated great arch vessel. Details were not reported. 
This striking absence of CCVMs, especially cono truncal 
CCVMs which are found in other branchial arch defect 
syndromes, such as the DiGeorge complex [ Van Mierop 
and Kutsche, 1986], CHARGE association [Lin et al., 
1987'], and facio-auriculo-vertebral sequence [ Ardinger 
et al., 1985], suggests that abnormal caudal migration
of neural crest cells and maldevelopment of the fourth 
branchial arch may play a lesser role in the pathogene­
sis of BOF syndrome, McCool and Weaver [1994] pos­
tulated a defect in closure and fusion of embryonic 
structures in the BOF syndrome, hypothesizing that 
the supra-auricular sinus defects may represent per­
sistence of the sinus otic vesicle sinus tract,
In addition to major and minor anomalies, patients 
with the BOF syndrome have prenatal (47%) and post­
natal growth retardation (38%), developmental 
delays/low normal function or mild mental retardation 
(33%), or moderate-severe mental retardation (8%). 
Because of potential visual impairment (severe 
coloboma, cataract, strabismus, or microphthalmia), 
hearing loss, or speech problems, patients with the 
BOF syndrome frequently have multi-sensory chal­
lenges. Health professionals must be aware of the fre­
quently extensive medical and educational needs. Also 
important in dealing with families is preparing them 
for the likelihood of multiple surgical procedures, such 
as resection of the branchial sinuses; correction of oral 
clefts, nasolacrimal duct stenosis/atresia, or malformed 
ears; orthodontics; and insertion of orbit conformers for 
severe microphthalmia.
Patients with the BOF syndrome have been incor­
rectly diagnosed as having the Treacher Collins syn­
drome [Harrison, 1957] or new or unique syndromes 
[Tom et al., 1985; Civi et al., 1989; Dado and Gonzalez- 
Crussi, 1989; Bale and Sotelo-Avila, 1993; Lin and 
Gorlin, 1994; Bale, 1994], The BOF syndrome pheno­
type is distinctive, but superficial similarity to other 
syndromes exists, in particular, the familiar BOR 
syndrome, characterized by branchial cleft fistulae, 
usually much smaller than the cervical defects in the 
BOF syndrome and never associated with abnormal 
aplastic neck skin [Gorlin et al., 1990,1 (Table II). The 
otologic anomalies include variable types of hearing 
loss, anomalous pinna, and pre-helical pits. Renal 
anomalies are probably more frequent than in the BOF 
syndrome. Given the small number of informative 
BOF cases (19), renal malformations cannot be relied 
upon to distinguish the BOF from the BOR syndrome. 
Several BOF syndrome manifestations have not been 
seen in the BOR syndrome, including posterior or 
supraauricular draining sinuses, cleft lip or pseudo- 
cleft lip, or microphthalmia. The father and son re­
ported by Legius et al. 11990; Legius and Fryns, 1992] 
may represent a private syndrome, although a greater 
resemblance to the BOF syndrome has been argued 
[Lin et al., 1992],
The CHARGE association might be suspected in BOF 
syndrome patients with coloboma (especially chorioreti­
nal), malformed ears, hearing loss, and cleft lip [Pagon 
et al., 1981], Choanal atresia has been reported twice in 
the BOF syndrome ('patient 9; patient 2 in Lin et al., 
1991]. Similarly, CCVM have been reported twice. Gen­
ital defects in the BOF syndrome include unilateral 
cryptorchidism in patient 2, and borderline microphal- 
his with possible hypogonadotropic hypogonadism in 
patient 9. Patient 9 thus represents possible overlap
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TABLE II. Comparison of the Main Clinica!
BOF and BOR Syndromes*
Feature BOF BOR
Discrete branchial pits, cysts, Bstulae —
. r w.fl‘ r-1—• -- - .i.».—_j_ _|i
Branchial sinus defects -f* + "h —
with cuti s aplasia
Cleft lip/pa late or pseudocleft v|v —
Lacrimal duct stenosis or atresia 4* 4" -}■ +
Microphthalmia, anophthalmia -h + _
Coloboma _
Deafness + "b 4_ 4"
Pinna anomalies 4-4-
Pre-helical pits 4- -1- -h 4-
Renal anomalies “h 4“ _1_ -f- -|-
’"BOF, branchio-oculo-facial; BOR, branchio-•oto-rennl; 4-4*4-, >70%;
+ + , 10-70%; -1-, <10%; not observed.
with the CHARGE association because of the choanal 
atresia, possible hypogonadism, and absence of the typ­
ical BOF syndrome facial appearance. The BOF syn­
drome is thought to be a more likely diagnosis because 
of the presence of the distinctive cervical skin defects.
Although lip pits [patient 1; Fujimoto et aL, 1987; 
Barr et al., 1989] associated with cleft lip and/or palate 
might evoke Van der Woude syndrome [Gorlin et al,, 
1990], the upper lip is involved in the BOF syndrome at 
the site of the median raphe and maxillary prominence, 
whereas the lower lip is typical of Van der Woude syn­
drome, which has much less craniofacial involvement. 
Because the branchial sinus defect and abnormal aplas­
tic overlying skin appears to be pathognomonic, its pres­
ence should alert the physician to the BOF syndrome.
Despite the occurrence of microphthalmia, coloboma, 
nasolacrimal duct stenosis, strabismus, dysplastic 
ears, oligodontia, and cleft and/or palate in the Goltz- 
Gorlin syndrome [Gorlin et al., 1990], it should not be 
confused with the BOF syndrome. The former has more 
widely distributed asymmetric focal dermal defects and 
striking digital and nail abnormalities, enabling easy 
differentiation.
Supra-auricular defects with aplastic skin have been 
reported in the Delleman syndrome, which has other 
sufficiently striking anomalies (e.g., skin papillae) to 
allow differentiation from the BOF syndrome [Al- 
Gazali et al,, 19881
Autosomal dominant inheritance in BOF syndrome 
is supported by the 3 generation German kindred (pa­
tients 10-14), 2 instances of father-to-son transmission 
[patients 11 and 14; Fujimoto et al., 1987], and 7 other 
affected parent-offspring families [patients 10 and 11,
10 and 12,11 and 13; Fujimoto et al., 1987; Barr et al, 
1989; McCool and Weaver, 1994], Patient 2 in Fujimoto 
et al.’s report may have had 2 additional offspring af­
fected more severely than his son, patient 1. The 
mother of the girl reported by Schweckendieck et al. 
[1977] had a cleft lip and palate, but there was insuffi­
cient clinical information to include her as a possibly af­
fected parent. Legius et ah [1990] described a possibly 
unique similarly affected father and son, Marked in- 
trafamilial variability is suggested in this small num­
ber of familial cases. This mandates a careful examina­
tion of parents of BOF syndrome patients to diagnose
mild forms because of the potential for more severely 
affected offspring.
Chromosomes were normal in 22 patients tested. A 
gene locus has not yet been proposed. Because of simi­
larities to the BOR syndrome, it would be reasonable to 
perform linkage analysis using markers for the postu­
lated BOR syndrome locus on chromosome 8q [Kumar 
et al., 1992]. Furthermore, the spectrum of abnormali­
ties in the BOF syndrome strongly suggests involve­
ment of a genetically encoded defect in the system of 
transforming or epidermal growth factor, their recep­
tors, or some macromolecular precursors of these fac­
tors. Thus, linkage studies to these factors would be a 
reasonable pursuit.
In summary, the BOF syndrome has wide expression 
of a distinctive craniofacial phenotype with renal ab­
normalities; rare skeletal, brain, and cardiac malfor­
mations; normal or mildly limited development; and 
autosomal dominant inheritance. Unresolved is 
whether atypical and severe forms represent part of its 
spectrum.
ADDENDUM
Following submission of this manuscript, we identi­
fied another patient, an 8-month-old Italian girl with 
typical BOF syndrome [Molea et al., 1993].
ACKNOWLEDGMENTS
We express our gratitude to Dr. John B. Mulliken for 
referring patient 1, Dr. Flanders for referring patient 4, 
Drs. Reich and Koenig for providing clinical data and 
photographs of patient 8, Dr. Bryan Hall for introduc­
ing patient 10, Dr. David Weaver for his thoughtful 
manuscript review, and Dr. Gabriele Gillesssen-Kaes- 
bach for collaborative assistance.
REFERENCES
Al-Gaaali LI, Donnai D, Berry SA, Say B, Mueller RF (1988): The 
oculocei'cbrocutnnoouB {Delleman) syndrome. J Mod Genet 25: 
773-778,
Ardinger H II, Clark EB, Hannon JW  (1985): Cardiovawcular anom­
alies in craniofacial disorder«: Pathogenetic and epidemiologic im­
plications. Proc Greenwood Genet Center 4:82A.
Bale PM, Sotolo-Avila O (1993): MaldcHcent of the thymus: 34 
necropsy and 10 aurgicul cohob , including 7 IhymuHeB medial to the 
mandible. Podiatr Pathol 13:181-190,
Bale PM (1994): Reply to Lin and Gorlin. Pediatr Pathol 14:179.
Barr RJ, Santa Cruz I)J, Pearl RM (1989): Dermal thynuiM. A light 
microscopic and inununohiHtochemical study. Arch Dermatol 125: 
1«81-1H84,
Civi I, KurLuy M, Givi S (1989): Bilateral thymun (bund in association 
with unilateral cleft lip and palate, Plnst Reconstr Surg 83: 
143-14«.
Dado DV, Gonznlez-Crussi F (1989): Bilateral ectopic thymus gland 
tissue with the cleft lip and palate. Plant Reconstr Surg 84:370,
Farmer AWS Maxmcn MI) (I960): Congenital absence of .skin. Plaat 
ReconBtr Surg 25:291-297.
Fielding DW, Fryer AE (1992): Recurrence of orbital cyHts in the bran- 
chio-oculo-facial syndrome. J  Med Genet 29:430- 431.
Fujimoto A, Lipuon M, Lacro RV, Shinno NW, Boetler Wl), Jones KL, 
Wilson MG (1987): New autosomal dominant branchio-oculo-facial 
By ml ro m e, A m J  M e d C) enct 27:943- 9 F> 1,
Gorlin RJ, Cohen MM, Levin LS (1990): “Syndromes of the Mead and 
Neck." New York: Oxford Uni vend ty Press.
Branchio-Oculo-Facial Syndrome 59
Hall BD, deLorimer A, Foster LH (1983): A new syndrome of heman- 
giomatous bi'anchial clefts, lip pseudoclefts, and unusual facial ap­
pearance. Am J  Med Genet 14:136-138.
Harrison MS (1957); The Treacher Collins-Franceschetti syndrome. 
J Laryngol Otol 71:597-604.
Hing HV, Torack R, Dowton SB (1992); A lethal syndrome resembling 
branchio-oculo-facial syndrome. Am J  Med Genet 41:74-78.
Kumar S, Kimberling WJ, Smith RHJ, Cremers CWRJ, Marros PI, 
Blackwood D (1992); Saturation mapping of the region of branchio- 
oto-renal syndrome on chromosome 8q. Ain J  Hum Genet 51:89A.
Lee WK, Root AW, Fenske N (1982); Bilateral branchial cleft sinuses 
associated with intrauterine and postnatal growth retardation, 
premature aging, and unusual facial appearance: A new syndrome 
with dominant transmission. Am J  Med Genet 11:345-352.
Legius E, Fryns JP, Van den Berglie H (1990): Dominant branchial 
cleft ayndrome with characteristics of both branchio-oto-renal and 
branchio-oculo-facial syndrome. Clin Genet 37:347-350.
Legius E, Fryns JP (1992): Reply to; Branchio-oculo-facial and bran- 
chio-oto-renal syndromes are distinct entities. Clin Genet 41:223.
Lin AE, Chin AJ, Devine W, Park SC, Zackai E (1987): The pattern of 
cardiovascular malformation in the CHARGE association. Am J 
Dis Child 141:1010-1013.
Lin AE, Doherty R, Lea D (1992): Branchio-oculo-facial and branchio- 
oto-renal syndromes are distinct entities. Clin Genet 41:221-222.
Lin AE, Gorlin RG (1994): Reply to Bale and Sotelo-Avila. Pediatr 
Pathol 14:177.
Lin AE, Losken HW, Jaffe R, Biglan AW (1991): The branchio-oculo- 
facial syndrome. Cleft Palate Craniofacial J 28:96-102.
Mazzone D, Milana A, Carpinato C (1992): Branchio-oculo-facial syn­
drome. Report of a new case with agenesis of cerebellar vermis. 
Eur J  Pediatr 151:312.
McCool M, Weaver DD (1994): Branchio-oculo-facial syndrome: 
Broadening the spectrum. Am J  Med Genet 49:414-4-21.
Molea G, Sposato G, Tirone L, Bocchini P, D’Angela Dt Mancini A, 
Smeraglia S (1993): Síndrome branchio-oculo-facciale: Caso clín­
ico. Giorn Chir Plast Ricostr Estética 8:57-63],
Muller D, Kobelt A (1991): The branchio-oculo-facial syndrome in 3 
generations, 3. Ulm: Tagung der Gosollschaft fur Humangonetfk 
p. 153.
Pagan RA, Graham JM, Zonana J, Yong S (1981): Coloboma, congeni­
tal heart disenso and choanal atresia with multiple anomalies: 
CHARGE association, J  Pediatr 99:223-227.
Rosenbaum ICN, Boyajian M, Samango-Sprouse CA (1991): Accessory 
ectopic cervical thymus with lip pseudoclefta-Further confirmation 
of a new syndrome. Am J Hum Genet Sup pi 49:A834.
Schmerler S, Kushnick T, Desposito F(1992): Long-term evaluation of 
a child with the branchio-oculo-facial syndrome. Am J Med Genet 
44:177-178.
Schweckendieck W, Hort W, Nauth H-F (1977): Doppelseitige retro- 
und subaurikulare Fisteln mit Ektropium des FistelgangepitelH. 
Laryngorhinotologie 56:795-800,
Tom DW, Alper JC, Bogaars H (1985): Inflammatory linear epidermal 
nevus caused by branchial cleft sinuses in a woman with numer­
ous congenital anomalies, Pediatr Dermatol 2:318-321.
Van Mierop LIi, ICutsche LM (1986): Cardiovascular anomalies in 
DiGeorge syndrome and importance of neural crest as a possible 
pathogenetic factor. Am J  Cardiol 58:133-137.
